This study was to investigate antioxidant activities of the ethanol extract from young edible leaves of Ficus vasculosa in vitro and in vivo. Ficus vasculosa ethanol extract (FVEE) showed significantly higher reducing power and α,α-diphenyl-β-picrylhydrazyl (DPPH) radical scavenge activity than vitamin C (P < 0.05). FVEE also showed an activity to resist the D-galactose-induced aging in mice assessed by serum and tissue levels of superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GSH-Px). Total serum and tissue oxidative status, total antioxidantresponse, glutathione (GSH) and malondialdehyde (MDA) levels have been also measured. Pretreatment with FVEE at 200 mg/kg·body weight significantly increased enzyme activity of SOD and CAT in serum and hepatic tissue (P < 0.05), as well as significantly increased enzyme activity of SOD in kidney (P < 0.05). Furthermore, high concentration of FVEE pretreatment significantly increased the level of GSH in serum, hepatic tissue and kidney (P < 0.05), meanwhile significantly decreased MDA production in hepatic tissue and kidney (P < 0.05). In addition, the phytochemical investigation discovered six previously described compounds from FVEE, naringenin (1), vanillic acid (2), 9, 16-dioxo-10, 12, 14-octadeca-trienoic acid (3), 2, 6-dimethoxy-1, 4-benzoquinone (4), apigenin (5) and norartocarpetin (6), and all compounds were isolated from this plant for the first time. Among the various compounds found, the rare highly unsaturated fatty acid 9, 16-dioxo-10, 12, 14-octadeca-trienoic acid (3) has been identified, which had been isolated only once before from F. vasculosa. Evaluation of the antioxidant activity of isolated compounds showed naringenin (1) to be the most active. According to our research, FVEE present very high antioxidant activity in vitro due to the presence of several compounds known for their antioxidant activity such as flavonoid and phenolic acid. In vivo, the ethanol extract had improvement effects against D-galactose-induced aging by reducing oxidative stress.
Aging and related diseases are becoming major public health problems worldwide. The role of oxidative stress plays in the pathophysiology of age-related human diseases, such as neurodegenerative diseases, heart attack, stroke, diabetes, and cancer is well documented. [1] [2] [3] [4] [5] Natural products from fruits and plants are proved to have antioxidant properties by neutralizing excessive free radicals, reducing inflammation and oxidative stress. 4, 6 Considering health risks of synthetic antioxidants, especially cancer, there is increasing interest in replacing them with natural ones, which are generally of botanical origin. 7 The genus Ficus belongs to the Moraceae family and comprises about 1000 species around the world, which are distributed in the tropical to subtropical areas, and 98 species occur in China. 8 Ficus species are traditionally used as food and medicine plant to promote human health for about 10 000 years. A few of Ficus species young leaves, including Ficus vasculosa, are consumed as wild vegetables by the ethnic groups in Xishuangbanna, Southwest China, as well as an important source of biologically active compounds of nutritional value. [9] [10] [11] There is only one previous investigation of F. vasculosa, which was carried out to analyze the in vitro antioxidant properties of young leaves of the plant. 12 These findings suggest that the young edible leaves might be a potential source of natural antioxidants. However, there is no literature about the in vivo antioxidant activity and phytochemical investigation of these plants.
Ficus vasculosa is mainly distributed in the monsoon forest of Guangdong, Hainan, Guangxi, Yunnan and Guizhou, China. 13 Our previous study for the first time to isolate one triterpene from the ethyl acetate (EtOAc) phase of F. vasculosa ethanol extract (FVEE) 14 and many other constituents in the EtOAc fraction was still not fully investigated. The aging model using mice induced by D-galactose is related to free radical and the accumulation of waste substances in metabolism. 15 The previous research confirmed that the oxidative biomarkers in blood, brain, and liver were consistent with natural aging animals and proved the reliability of the mimetic aging model. [16] [17] [18] Therefore, the present study was conducted to evaluate the improving effect of FVEE on D-galactose-induced aging mice. Additionally, some bioactive compounds present in the EtOAc fraction of FVEE were isolated and identified Figure 1 .
The in vitro α,α-diphenyl-β-picrylhydrazyl (DPPH) scavenging activity of FVEE and vitamin C (VC) as reference was shown in Figure 1a . FVEE exhibited a great activity to resist DPPH radicals in a dose-dependent manner. Following the FVEE treatment, the absorbance of the reaction solution was increased ( Figure 1b) . A higher absorbance of the reaction solution indicated greater reducing power. These results were similar to a study that reported by Shi et al. 12 This observation of reducing power activity suggested FVEE could reduce the most Fe 3+ ions, which exhibited a good reducing capability in vitro. Natural products with metal chelating potential could have beneficial effects on metal catalyzed biochemical reactions such as DNA fragmentation and auto-oxidative glycation and glycoxidation reactions. 19 In ferrous ion (Fe 2+ ) chelating assay, FVEE also showed a good activity to chelate Fe 2+ in vitro ( Figure 1c ). Furthermore, the DPPH radical scavenging activities and reducing power in FVEE group were significantly better than vitamin C (P < 0.05).
The effect of intragastric administration of FVEE on serum levels of antioxidant capability of D-galactose-induced aging mice is summarized in Table 1 . There is a significant decrease in serum SOD, CAT, and GSH-Px (P < 0.05) and an increased level of MDA (P < 0.05) in model group, as compared with the control group. CAT, GSH-Px, and GSH were significantly increased (P < 0.01) by the high dose of FVEE (FVEE-200) and VC, while SOD was only significantly increased (P < 0.01) in the FVEE-200 group. FVEE-200 group showed significantly higher antioxidant capability in increasing the serum enzyme activity of SOD, CAT, and GSH than that in the VC treatment group (P < 0.05). Furthermore, both FVEE and VC treatments were able to reduce the lipid peroxidation-related MDA generations in D-galactose-induced aging mice. There was no statistical difference between FVEE-50 and FVEE-200 groups in terms of SOD and GSH-Px activities increase and MDA level decrease.
The effect of FVEE on hepatic oxidative status of D-galactose-induced aging mice is shown in Table 2 . Model group showed significant decrease in hepatic SOD, CAT, GSH-Px, and GSH (P < 0.05) and significant increase in MDA (P < 0.05) as compared with the control group. Significant increase in hepatic SOD, CAT, GSH-Px, and GSH (P < 0.01) were seen in FVEE-50, FVEE-200, and VC groups as compared with the model group. SOD, CAT, and GSH in FVEE-50 and FVEE-200 groups were significantly higher than that in VC treated aging mice (P < 0.05). However, there was no significant difference between FVEE groups and VC group in terms of GSH-Px increase. There was no statistical difference between FVEE-50 and FVEE-200 groups in terms of SOD, CAT, GSH-Px, and GSH activities increase. In addition, high dose of FVEE (FVEE-200) also significantly reduced MDA generation in liver of aging mice (P < 0.05).
SOD, CAT, GSH-Px, and GSH (P < 0.05) in model group was significantly lower than that in control group, while MDA level in model group was significantly higher than that in control group (Table 3 ). FVEE and VC groups exhibited a significant increase in kidney CAT (P < 0.01) with concomitant decrease in kidney MDA (P < 0.01) as compared with the model group. Additionally, FVEE group showed a significantly increase in the kidney SOD and GSH as compared with the model group, which was better than that in VC group (P < 0.05). Furthermore, FVEE-50 and FVEE-200 groups were equally efficient on CAT, GSH-Px, and GSH activities and MDA level except SOD. SOD, CAT, and GSH-Px are the important antioxidant enzymes, increasing their expression and function can effectively defense oxidation and prevent aging. 20 In this respect, in the present study, the FVEE treatment groups showed an increase of SOD, CAT, and GSH-Px in serum, hepatic, and kidney as compared with the untreated group (model group), indicating the FVEE treatment had antioxidant effect and the protective activity on the D-galactose-induced aging in mice. GSH is the major free thiol in most living cells and is the key antioxidant in animal tissues. 21 As an oxidative stress marker, high levels of MDA can lead to lipid peroxidation. 22 In this study, the high dose of FVEE treatment group (FVEE-200) exhibited significantly higher GSH levels and lower MDA levels in serum, hepatic, and kidney than that in the untreated group (model group), suggesting the FVEE treatment might reduce D-galactose-induced oxidative damage.
The isolated compounds ( Figure 2 ) from FVEE were identified as naringenin 1, 23 vanillic acid 2, 24 9,16-dioxo-10,12,14-o ctadeca-trienoic acid 3, 25 2, 6-dimethoxy-1,4-benzoquinone 4, 26 apigenin 5, 27 and norartocarpetin 6, 28 respectively, by spectral analysis ( 1 H-nuclear magnetic resonance [NMR], 13 C-NMR, DEPT, 2D NMR, and high resolution mass spectrometry [HRMS]), as well as by comparison with literature data. Compounds 1-6 were obtained from this plant and compound 3 was isolated from the family Moraceae for the first time.
Except compound 3, all compounds were also evaluated for their antioxidant activity using the DPPH assay (Table 4 ). Among the isolated compounds, the most significant activity was detected in naringenin 1 and apigenin 5, with the DPPH radical scavenging activities of 77.30% and 66.74% at the concentration of 100 µg/mL, respectively. Previous studies have confirmed the antioxidant potential of these compounds, in vivo or in vitro. Naringenin 29 was reported to have antioxidant and hepatoprotective effects on carbon tetrachloride induced hepatic damage in mice. Another study 30 has confirmed that vanillic acid and 2,6-dimethoxy-1,4-benzoquinone had scavenging activities against DPPH free radical. Apigenin 31 was found to have protective effect against hydrogen peroxideinduced damage in osteoblastic cells and may be useful for the treatment of oxidative-related bone disease. Norartocarpetin 32 exhibited strong scavenging activities against 2, 2-azobis-3-eth ylbenzthiazoline-6-sulphonic acid radical.
In conclusion, FVEE had a good antioxidant property in vitro due to an important flavonoids and phenolic compounds. In vivo, the extracts had improvement effects against D-galactose-induced aging by reducing oxidative stress. The fractionation and investigation of FVEE afforded the identification of six known antioxidant compounds. Concluding, it seems that the F. vasculosa leaves rich in bioactive compounds can be a good source of antioxidants for the human diet. This study may give rise to further research on the potential of its commercial exploitation in nutraceutical industry.
Experimental

General
Thin layer chromatography analyses were carried out on silica gel GF254 plates (Qingdao Marine Chemical Ltd.; China). Column chromatography (CC) was performed by using silica gel (100-200 mesh, Qingdao Marine Chemical Ltd.; Qingdao, China) and Sephadex LH-20 (Amersham Biosciences, Sweden). NMR spectra of 1 H-NMR (600 MHz) and 13 C-NMR (150 MHz) were obtained on a Bruker AV-600 spectrometer using tetramethylsilane as an internal reference. Electrospray ionization (ESI)-MS was measured on an API 2000 LC/MS/MS instrument, and HR-ESI-MS data were obtained on LTQ Orbitrap Discovery mass spectrometer. 
Plant Material
The young leaves of F. vasculosa were collected from Shiwan Mountains (Guangxi, China) in October 2013 and were identified by Mr Ye-cong Zhong at Guangxi institute of forestry survey and design, Nanning, China. Fresh leaves were air-dried in shade and pulverized with a household food processor.
Extraction
Leaf powder (5 kg) was extracted repeatedly with 90% aqueous ethanol of (3 × 10 L) at room temperature. The resulting extracts were pooled and evaporated under reduced pressure using a rotary evaporator EYELA-1 (Tokyo Rikakikai Co., Japan). The residues were collected and stored at 4°C.
In Vitro Antioxidant Activity Assay
DPPH radicals scavenging activity was evaluated by the method described by Hatano et al. 33 An aliquot of 0.1 mL of DPPH radical (Sigma-Aldrich, USA) in ethanol was added to a test tube with 0.5 mL of sample solution (in a final concentration 0.625, 1.25, 2.5, 5, and 10 mg/mL for extracts and 100 µg/mL for compounds) in ethanol. Ethanol was used instead of the sample as a control. VC was used as a positive control. The mixture was shaken vigorously and then left at room temperature for 30 minutes in the dark. The absorbance of the reaction mixture was then measured at 517 nm using a microplate reader ELx808 (BioTek Instruments Inc.; Winooski, VT, USA). VC was employed as a reference. The reducing power was tested according to the method described by Siddhuraju et al. 34 Sample solution (1.5 mL) (in a final concentration 1.25, 2.5, 5, 10, and 20 mg/mL for extracts and 100 µg/mL for compounds) was mixed with 2.5 mL of phosphate buffer (0.2 M, pH 6.6) and 1 mL of aqueous potassium ferricyanide (1%). Afterward, the mixture was first incubated at 50°C for 20 minutes, and then 2.5 mL of 10% trichloroacetic acid was added. Following these treatment, the mixture was centrifuged at 3000 rpm for 10 minutes; 2.5 mL of the upper layer of the solution was mixed with 2.5 mL of distilled water and 0.5 mL of FeCl 3 solution (1%) for 10 minutes. The absorbance was read at 700 nm using a UV752N spectrophotometer (Shanghai Precision Science Instrument Co Ltd, Shanghai, China).
Ferrous ion chelating activity was measured according to the method described by Lee et al. 35 The reaction mixture contained 500 µL of sample solution (in a final concentration 1.25, 2.5, 5, 10, and 20 mg/mL for extracts and 100 µg/mL for compounds), FeCl 2 (0.6 mM, 100 µL), and 900 µL methanol. The control contained all the reaction reagents except the samples. The mixture was thoroughly shaken and left at room temperature for 5 minutes. Following treatment, 100 µL of ferrozine (5 mM) solution was mixed with the reaction reagents, shaken, and kept at room temperature for 10 minutes. The absorbance of the Fe 2+ -ferrozine complex was measured at 562 nm using a UV752N spectrophotometer.
Experimental Animals
The experiments were carried out on male KM mice (18-22 g) provided by experimental animal central of Guilin medical university. All of the animals were first housed with a standard condition (25 ± 1°C; 12 hours light/dark cycle) in an SPF grade animal room of school of public health in Guilin medical university and provided with appropriate food and water. All the procedures involving animals were approved by the Animal Ethics Committee of Guilin medical university, the approval number of the study: SCXK(Gui) 2013-0001.
Experimental Design
The mice were randomly divided into 5 groups (10 mice/ group): control group (saline), model group (D-galactoseinduced group), D-galactose-induced + VC group, as well as D-galactose-induced + FVEE low and FVEE-high groups.
The negative control group were intraperitoneally injected with saline, and the other groups were administered a daily subcutaneous injection of D-galactose (120 mg/kg/day) at the neck consecutively for 8 weeks. The Control and Model groups were treated with saline. The VC group was administered with VC (100 mg/kg/day). In FVEE-low and FVEE-high groups, they were given FVEE at doses of 50 mg/kg/day (FVEE-50) and 200 mg/kg/day (FVEE-200), respectively. At the end of the experiments, all of the mice were euthanized using CO 2 and sacrificed; blood was collected from the inferior vena cava using a vacuum blood collection tube, then centrifuged (3000 × g for 10 minutes at 4°C) and stored at −80°C until further study. The liver and kidney of the mice were collected and dissected on ice. All the tissue samples were snap-frozen in liquid nitrogen and stored at −80°C until further analysis.
Biochemical Analyses
The activities of SOD, CAT, and GSH-Px, as well as the GSH and MDA levels, were measured with a commercial kit (Jiancheng Bioengineering Institute, Nanjing, Jiangsu, China) according to the manufacturer's instructions.
Fractionation, Isolation, and Identification of Compounds From FVEE
The 90% aqueous ethanol extract was further extracted sequentially with petroleum ether and followed by EtOAc, to give petroleum ether-soluble fraction, EtOAc-soluble fraction, and water-soluble fraction, respectively. The EtOAc-soluble fraction was separated using silica gel CC and eluted with petroleum ether-EtOAc (9:1→7:3), petroleum ether-EtOAc-MeOH (5:5:1→5:5:3) and MeOH to yield 5 fractions (A-E). Fraction B was subjected to CC on silica gel, eluting with petroleum etheracetone (9:1→1:1), to give 4 sub-fractions (B1-B4). Compound 1 (12.0 mg) was isolated from fraction B3 by Sephadex LH-20 (Amersham Biosciences, Sweden) CC eluted with MeOH. Fraction C was subjected to CC on silica gel, eluting with
